Abstract. The Babylonian Talmud is still an authoritative source for many orthodox Jews, an dialogic encyclopaedia of knowledge and one of the most impressive pieces of world literature. However, the distribution of this knowledge is limited by the burdensome task of studying this complex work. The paper presents a comprehensive study environment for a Talmudic tractate which transcribes an original printed edition into a structured electronic version, thus enabling much easier ways of studying the text with hypertextual annotations and dynamic knowledge level-dependent features. This radically changes the addressable knowledge communities.
Introduction
Many approaches to hypermedia environments for computer-supported learning have been proposed in the last years (cf. e.g. [8, 9, 22] ). But still, the task of addressing the student with the right level of support is an open question, especially in constructing knowledge libraries serving both teaching and research needs.
Large knowledge repositories or digital libraries are used in online learning settings such as virtual universities [2, 12] . These libraries recognize learning and teaching as a knowledge management task on digital archives stored in database systems. A well known example is the Open CourseWare project at the Massachusetts Institute of Technology 1 . These projects try to strengthen the abilities of the students to synthesize und be creative with intellectual capital and knowledge objects.
Web based cooperation platforms for learning environments are available, from text-based multi-user dungeons [6] to avatar-based 3D environments as in the Euroland project [21] . An example supporting both learners and researchers in organizing materials and working together is a widely used cooperation platform on the internet, the BSCW System [3] (Basic Support for Cooperative Work). The BSCW system is used for organizing course contents or research data and coordination of learning or project efforts. For advanced cooperation support among researchers, teachers and learners we need to personalize digital libraries [25] to build local instances of digital libraries and handsets of needed literature. A possible solution to this problem is the use of XML (Extensible Markup Language) based knowledge repositories capable of handling semantically enriched multimedia documents. XML based data management issues were discussed in depth in [4, 11, 20] but few project are known using XML databases to build study environments, e.g. [14] .
The 'Semantic Web' [15, 29] tries to create a global digital medium based on meta content descriptors and XML databases [26] . To build knowledge repositories on XML databases ontologies [10] will play an important role. However, existing learning environments based on XML [27] 2 . tend to just virtualize in-class learning situations with strong, often negative impact on the social behaviour of the students. The danger is to lose social capital in the learning community [1] .
In the interdisciplinary Collaborative Research Center 'Media and Cultural Communication', a conceptual framework has been developed to structure the set of questions sketched above. Applied to the domain of media support for learning, the framework suggests to study three perspectives [18] :
• the inter-medial transcription provided by the approach, i.e. the manner in which collections of learning materials are re-structured by the new media • the change in address spaces to which the transcribed learning materials can be directed, both at the physical level of data transport and at the conceptual level of understandability.
• the re-organization of localities stimulated by the new media, i.e. the changes in existing communities of learning or the creation of new ones. In an interdisciplinary cooperation between a Jewish Studies project and a Computer Science project within this Collaborative Research Center, we have developed a web-based study environment for a Talmudic tractate [13] called CESE (Comprehensive Electronic Study Environment) that can be considered as a rather extreme case of this transcribe-address-localize framework.
The CESE transcribes the traditional folio page structure of the Talmud into a multi-lingual hypertext system which is structured by, and overlaid with annotations representing a theoretical framework of understanding developed by the Jewish Studies. This structure is offered via the Internet, thus changing the physical address space for readers from a few libraries and synagogues to anywhere in the world. Moreover, the theory-based restructuring and annotation of the texts provides a direct visual understanding to lay persons who would otherwise have required years of study, whereas the multilingualism opens the text structures to readers with nonexisting or limited knowledge of Hebrew. Last not least, the existence of this constructed medium has created a new community structure of teachers and learners as students are enabled not just to read complex texts passively much earlier in their curriculum than with previous technologies, but also to participate actively in discussions with specialists, even including critiques of the knowledge organization offered by the constructed medium (i.e. the transcription) itself.
The Talmudic CESE has been the first attempt to apply the transcribe-addresslocalize framework not just descriptively but use it as a design guideline for a constructed medium. In the remaining sections of this paper, we describe the application domain, the underlying theoretical Jewish Studies framework, and the technical solution approach followed in CESE. In the final section, we report on preliminary experiences with external reactions to, and initial practical usage of, the system and indicate conclusions and further research needs.
Background on the Babylonian Talmud
The Babylonian Talmud edited from the 3 rd to the 9 th century C.E. is one of most impressive pieces of world literature. Even in our modern times the impact of the Talmud on Jewish life can not be overestimated. For orthodox Jews the Talmud is still an authoritative source of Jewish religious laws. In addition, the many volumes of the Talmud written in Hebrew and Aramaic are an encyclopedia for the transfer of many knowledge facets. In most cases this knowledge is organized as dialogs, partly logical, partly associative. Therefore, readers can access the Talmud with different concepts of studying on different levels of reading and furthermore, in a non-linear manner. This organization of knowledge depends on a guidance for studying the texts and the contents. For that reason, the accompanying commentaries from the Middle Ages and early modern times are grouped around the Talmud text on the printed page ever since the first complete edition was printed in Venice in 1520-23. Traditionally, the Talmud is studied cooperatively in Talmud schools (Jeshiwot). Thus, the organization of knowledge in printed Talmudim is influencing the transfer of knowledge.
The Babylonian Talmud is the largest collection of texts from rabbinic literature, covering some 5000 folio pages in the standard edition printed by Romm in Vilna (1880-1886). It is also one of the favorite examples of existing hypertexts before hypertext theory. Its traditional layout with the Mishna and the Gemara as the main block on the page and several commentaries grouped around them, first developed by the Christian printer Daniel Bomberg in Venice (1520-23), has invited many interpretations both from scholars of Jewish Studies and from hypertext-specialists and scholars of literary hypertexts. D. Porush notes [23] :
The Talmud It might be worthwhile to analyze this equation before discussing the possible creating of a "hypermedia-Talmud". The hypertext metaphor can be doubly applied to the Talmud: Both the external structure of the Talmud and its internal structure can be described as hypertext.
The external structure is the combination of texts on the traditional page of Talmud. The main texts on the page are the Mishna, edited in the 2 nd century C.E., and the Gemara, that was probably closed in the 8 th to 9 th century C.E. They are carefully edited compilations that show the traces of several editing processes, each of them with its own agenda for the logical, rhetorical and thematic outline of the texts. The medieval and early modern commentaries included in the printed editions were composed by single authors (with the exception of the Tosafot, whose publishinghistory differs from that of all other commentaries) either as commentaries on the completed and closed texts of the Babylonian Talmud or on single tractates, or as supercommentaries on preexisting commentaries. All commentaries take up lemmata from the Talmudic text and create links into the text, attaching their own explanations. While we read and study the Talmudic page by looking for links from the inside to the outside, the commentators actually created links from the "outside" to the "inside". Most of the older commentaries were not originally written on the margins of copies of the Talmud. They required the use of two manuscripts simultaneously. The page of Talmud therefore fits the description of hypertext: it brings together and links documents in a way that enables the reader to use several connected documents at the same time.
As to the internal structure of the Talmudic text, it can be also described as a hypertext because, like all rabbinic texts, it is a unique combination of new and old material. In each text we find a great number of passages that occur in parallel transmissions of textual units copied from their sources and inserted at suitable positions in the target texts. This created an internal hypertext-structure that connected Midrashim and Talmudim via nodes of shared text. Associations and structures were created that connected the different parts of the Talmud and enabled different ways of reading. The Gemara itself is -beyond the linear text -a web of units connected by associations that offer a multitude of possible readings. The Talmud itself is a hypertext-structure. In spite of this it should be noted that the Talmudic text is not fragmented in the way modern hypertexts are usually structured.
The idea of the Talmud as a hypertext has invited attempts to render the Talmud as electronic hypertext. The available products focus on the traditional mode of Jewish Talmud study and connect the Talmud passages with their respective commentaries and with passages from halakhic works that deal with the same topic.
Jewish Studies was one of the fields where electronic texts became available for scholars rather early in the development of digital libraries. Given the technical developments we can now look back on a history of very different questions and solutions, most of which have undergone several changes within the history of one "product".
Electronic texts of rabbinic literature with more or less sophisticated searchengines were sold from the 1980's onwards. In UNIX and DOS they needed to overcome the barrier created by ASCII and the national code-pages, usually by forcing the user to use the Israeli national code-page and thus not being able to access any regional national characters. The fact that Hebrew had no universal ASCII standard but existed both in lower ASCII and in higher ASCII added to the representation problem. The main function of these early electronic texts was the concordance: search-engines would find all occurrences of a given string in the selected database [7] . Programming energy accordingly went into the search-engines that are by now able to combine different strings, to include all or select prefixes and suffixes with the string, or even to perform grammatical searches that will find all occurrences of a lemma or root. Hyperlinks that will call a connected passage to the screen were a comparatively late feature. Generally it can be said that these databases are retrieval systems for authoritative texts. Some of them have export-filters but due to the problems of Hebrew representation cut-and-paste is usually not supported. While marketing strategies often connect these tools to the study of rabbinic texts, their actual ability to teach the knowledge and techniques necessary for a thorough understanding of rabbinic texts is minimal to non existent.
With SGML [16] (Standard Generalized Markup Language) and the Text Encoding Initiative's (TEI) attempt to provide a standard document type description (DTD), the description of electronic texts in a meta-markup-language became possible and spread widely in European literatures. 3 It did not however catch on in Hebrew literature, possibly because of the previously existing concordance-based works in this field, possibly because SGML does not support any of the Hebrew standards and no SGML-editor or -browser supports right-to-left (RTL) text. L. Barth attempted to adopt the TEI DTD for his electronic edition of Pirqe deRabbi Eliezer, a visionary project that includes transcription and tagging of all available sources of this Midrash. He defines many new standards and overcomes the TEI DTD standard of describing mainly the physical structure of a published book as opposed to its contents-structure. His ingenious reworkings in order to use Hebrew in SGML evince the need of a complex mark-up-language that masters multilingual and bi-directional texts.
Text tagged with the TEI DTD can be used for complicated retrieval processes and comparisons. Several other projects have shown how t hese SGML texts can be further enriched with additional information and made the core of complicated information systems that include text, commentary, illustrations, etc. 4 A special case of SGML tagging and application is "The Wife of Bath's Prologue on CD-ROM", published in 1996 by P. Robinson. 5 This application enables extensive research into the presented sources. An optimal depth of tagging and commenting has been reached combined with collation, hyperlinks and digital images. This depth is possible only if the amount of text studied and prepared is limited: in this case the corpus contains 861 lines -albeit in 53 manuscripts. Since all possible research activities had to be preprogrammed into the electronic text, the work is a fine example of state-of-artscholarship as well, with hardly any questions on the text, its transmission and its linguistic features left open.
Design and Implementation of the CESE
Any attempt to produce a full electronic Talmud-text that is as exhaustive in its textual quality and commentary will have to fail, given both the size of the Talmudic corpus and its long history of commentaries that would have to be included. The open character of the Talmud and its ongoing commentating processes interdicts any attempt of completeness. Instead every electronic presentation of the Talmud will have to address a specific audience with its specific needs, in our case, German university students of rabbinic literature, who will use the tool both in class and for their preparation of talmudic texts for class discussion.
Rabbinic literature is, as mentioned earlier, a kind of hypertext before hypertext theory existed. None the less, it is usually printed in traditional book-form. Accordingly, our German translations were also published as books and therefore were originally prepared for camera-ready copy. The electronic edition however will use the facilities of computer-based hypermedia representation and presentation. As we rely on the printed edition [5] , we have a document space containing Microsoft (MS) Word documents. All these documents are formatted according to guidelines that transform the structure of the text into a visualization scheme on paper. Hence, we need a hypermedia representation and presentation.
Fortunately, the set of presentation and representation languages grouped around the XML technology solve our problem. To transform the document space given by MS Word documents we chose XML for the following reasons. First, XML allowslike HTML [28] and SGML -hypertext linking features. However, HTML allows only presentation oriented tagging of documents, i.e. no semantics are supported directly. Furthermore, HTML lacks the possibility to define new tags. In short, HTML is a language for representation. On the other side, SGML is a very complex meta language for the electronic representation of text and the available SGML-editors are very costly and do not support Hebrew. Beyond this, browsers for SGML depend on a local installation of the software and the documents and are intended for use in CD-ROM based productions only. With XSL (Extensible Stylesheet Language) there is a convenient way to transform the XML documents into other XML documents, e.g. HTML pages for representational purposes. Second, XML provides extensive hypermedia linking facilities with extensions like XLink and Xpointer. Third, XML is specified for Unicode use, thus supporting also Hebrew. Fourth, there are available XML databases to construct a database. To summarize, XML technology is an ideal candidate for designing and implementing the study environment. It allows the division of representation and presentation, the support of hyperlinks, Hebrew language and advanced database functions.
To realize a XML-based study environment a DTD is not really mandatory. This is an advancement compared to SGML, where each used tag has to be provided by the DTD. Nevertheless, we need a DTD for two main reasons. First, we want to realize a database containing hypermedia objects semantically tagged by XML. Hence, for describing schema information a DTD is a good choice. Second, we want to semiautomatically transform existing materials, such as German translations of Mishna, Tosefta and Babylonian Talmud Megilla into XML documents to fill our database.
We developed the conversion tool DocToXML to transform the existing MS Word documents into an XML representation. DocToXML is written in Visual Basic for Applications. In the current version DocToXML is able to transform the whole given document space into XML. Yet, not all information in the DTD can be extracted from the document space and conversion errors are possible.
To add tags to the transformed XML document and to correct errors we use the XML editor XMLSpy 3.5. XMLSpy is a general purpose XML editor for little projects and one of the few handling Unicode. For every given XML document we can check well-formedness according to the definition of XML, e.g. that every position of opening and closing tags is correct, and validate against a given DTD. After performing these two procedures we can ensure that the XML document can be represented on the screen with XSL.
XSL is a stylesheet language to specify the presentation of a class of XML documents by describing how an instance of the class is transformed into an XML document, e.g. an HTML page. We developed a stylesheet for representing the XML documents as HTML pages using JavaScript as script language. Since we rely on HTML any popular browser, e.g. Microsoft Explorer or Netscape Navigator, is capable of representing our study environment.
The main feature of the environment is the handling of the multidimensionality of the text. In the environment we can fix certain features we describe in detail below while we can change other features like the language. In Figure 1 the c olored sections are enabled features in the Hebrew language representation of the Talmudic tractate. We can switch to German without loosing our study context. All colored sections remain the same. The loaded document carefully conserves the layout created for the German translation. Indentation is kept. The curly brackets in the printed text that marked passages that have parallels in other rabbinic texts were substituted with bright red arrows in the electronic text. Footnotes from the printed translation indicating the exact parallels had to be translated into a different visualization scheme. In this case we chose commentary-boxes that appear when the mouse is moved onto the arrow. The commentaries, many of which are not part of the printed translation, are indicated by blue bullets. Additionally, as in the printed edition, the mishnaic and biblical texts under discussion in the Talmudic text are marked on the left margin of the text. The same column contains indicators for the textual structure. Each document represented in the browser has different parameters that can be manipulated by the reader in the study environment to give further information ondemand. The parameters are visualized by checkboxes in a non scrolling frame. Thus the chosen parameters are visible all the time. Additionally, the given parameter setting is saved when the user changes the document, enabling her/him to follow a chosen path of study through longer units of text. The parameters are: 1. Ebenen (Levels): We have differentiated five levels of textual structure which are enumerated in a scrollable listbox. The reader can chose how many of the levels are to be displayed and the whole page layout adopts itself to the chosen level. Hidden paragraphs leave a small amount of white space as their trace, thereby indicating roughly the amount of hidden text. 
Discussion
As already mentioned, the organization of knowledge in the Talmud is influencing the way, the Talmud is taught. Aim of the CESE is to represent and present the synchronous and historical multidimensionality of the text and the commentaries in an XML based study environment to make these texts -formerly readable by specialists only -accessible to beginning students and other interested parties with limited knowledge of both Hebrew and Jewish Studies concepts. By offering visualization of inherent structures of the talmudic text and connecting meaningful pieces of information to textual elements the CESE introduces new options into the study of texts while retaining traditional aspects like the use of commentary.
This re-addressing of ancient teaching and study methods has rapidly created a world-wide research, teaching, and learning community which is reflected by the broad discussion on conferences, workshops, and meetings on the concepts and the technical solutions. This discussion and evaluation of the CESE by German students of Jewish Studies have produced many ideas how the study environment could be improved, but they also confirmed that the right approach was taken. Teachers and students alike consider the realization of the hypertext-concept by hidden knowledge items that can be brought to the screen on demand a highly useful technique. Many users commented on the clear division of knowledge and structure on the screen which compares positively with the crowded image of the traditional Talmud page. Especially beginners felt more comfortable accessing hidden information on demand than checking the commentaries on the printed page. Both the simple visualization scheme and the clear cut division of knowledge items in categories, each again associated with a different color and thereby visible, helped beginning students to focus on the talmudic text and specific questions they had to tackle with the CESE.
Requests for changes by students most often focused on minor visual elements, like the color-coding for certain categories or the division of the screen, while teachers discussed possible changes in contents structures like the exact differences between categories we introduced and the possibilities to include further types of knowledge, like all medieval and early modern commentaries contained on the printed Talmud page.
The ability of the CESE to hide some levels of the talmudic discussions has provoked discussions of the textual structures represented in the CESE and thereby enhanced the scholarly discourse in Jewish Studies beyond the development and use of the CESE. The discussion of how a text is broken down into units has provoked the question, how it will be possible to allow for users to change the status of certain structural elements like levels. Any changes a user introduces should be retainable and exchangeable with other users without blocking access to the original version. Since studying Talmud has always been a communal activity, the CESE should support study groups. As an electronic study environment, it can break through the traditional boundaries of common place and common time and allow for variegated study groups to share the study experience.
Many proposals for the further development of the CESE both by users and by the designers focus on pedagogical tools and enhanced interactivity. Student users have requested the equivalent of a syllabus or study plan in order to acquire specific knowledge and skills. This could be realized by "study paths" or by prompts that direct the user. Teacher have asked for the integration of testing tools, best to be used also as self-testing tools, like the option to apply the color-coding manually and have it checked by the CESE.
Conclusions and Outlook
In this paper we presented and discussed a prototypical learning environment built on top of a XML based digital library, mature enough to draw first conclusions reflecting the development process. Complex, multidimensional representation of semi-structured data can be tackled by using developed or available DTD or schemes. By relying on metadata standards we are open for new learning modules, other environments and further developments, e.g. we plan the integration of user needs in the environment by using modeling techniques used in building large knowledge repositories, organizational memories, and adaptive hypermedia environments. The CESE environment was built as a cooperation project between the Jewish studies and computer science under the research umbrella of the interdisciplinary and Collaborative Research Center 'Media and Cultural Communication'. The key to this successful cooperation was to find a transdisciplinary research questions we can be answered by one discipline alone.
In our CESE environment we use DTD developed for our special needs since the metadata standards in the human studies are sufficient to rebuild the complex, multidimensional Talmud text and commentary electronically. We think that XML offers this capabilities and the successful development of the CESE strengthen this hypothesis. The next step is to combine the current environment with multimedia features. We plan to let the Talmud be read by a Rabbi and to tape it on video. If we describe both the video data and the Talmud with the MPEG-7 metadata standard [16] , we can use the text as an transcript of the video and present both, video and text, synchronously in the extended study environment. A similar approach using the MPEG-7 metadata standard and video sequences for the construction of the digital library has already been successfully experimented with in building another CESElike application, the prototype of a virtual entrepreneurship lab (VEL) intended to help technology students gain an understanding of how to start a company with their technologies [19] .
